We report the results of a volume-limited ROSATWidz Field Camera ( WFC ) survey of all nondegenerate stars within 10 pc. Of the 220 known star systems within 10 pc, we find that 41 are positive detections in at least one of the two WFC filter bandpasses ( S1 and S2 ), while we consider another 14 to be marginal detections. We compute X-ray luminosities for the WFC detections using Einstein Imaging Proportional Counter (IPC) data, and these IPC luminosities are discussed along with the WFC luminosities throughout the paper for purposes of comparison. Extreme ultraviolet (EUV) luminosity functions are computed for single stars of different spectral types using both SI and S2 luminosities, and these luminosity functions are compared with X-ray luminosity functions derived by previous authors using IPC data. We also analyze the S1 and S2 luminosity functions of the binary stars within 10 pc. We find that most stars in binary systems do not emit EUV radiation at levels different from those of single stars, but there may be a few EUV-luminous multiple-star systems which emit excess EUV radiation due to some effect of biriarity. In general, the ratio of X-ray luminosity to EUV luminosity increases with increasing coronal emission, suggesting that coronally active stars have higher coronal temperatures. We find that our S1, S2, and IPC luminosities are well correlated with rotational velocity, and we compare activity-rotation relations determined using these different luminosities. Late M stars are found to be significantly less luminous in the EUV than other late-type stars. The most natural explanation for this result is the concept of coronal saturation-the idea that late-type stars can emit only a limited fraction of their total luminosity in X-ray and EUV radiation, which means stars with very low bolometric luminosities must have relatively low X-ray and EUV luminosities as well. The maximum level of coronal emission from stars with earlier spectral types is studied also. To understand the saturation levels for these stars, we have compiled a large number of IPC luminosities for stars with a wide variety of spectral types and luminosity classes. We show quantitatively that if the Sun were completely covered with X-ray-emitting coronal loops, it would be near the saturation limit implied by this compilation, supporting the idea that stars near upper limits in coronal activity are completely covered with active regions.
INTRODUCTION
The X-ray and extreme ultraviolet (EUV) emission observed from late-type stars is thought to originate in hot coronae, similar to the solar corona, which surround these stars. The nonthermal mechanism that heats stellar coronae is not well understood, but this mechanism is presumed to rely on the presence of magnetic fields generated by a magnetic dynamo in the stellar interior. The dynamo is driven by a combination of differential rotation and convective motions in the outer envelope of the star. Since the magnetic dynamo relies on stellar rotation, one might expect rapidly rotating stars to have stronger dynamos which result in more active coronae. The empirical correlation between X-ray luminosity and rotation rate that has been observed for late-type stars (e.g., Pallavicini et al. 1981a) suggests that this reasoning is correct.
Most of our knowledge about the coronal properties of latetype stars comes from the X-ray fluxes measured by the Einstein Observatory, and especially by its Imaging Proportional Counter (IPC). The Einstein Observatory showed that latetype stars of nearly all spectral types and luminosity classes are capable of being sources of X-ray emission (Vaiana et al. 1981) , the exceptions being M and late K giants and supergiants (Maggio et al. 1990 ). More recent work has focused on establishing the X-ray characteristics of various types of stars. These studies include surveys of K and M stars within 25 pc (Bookbinder 1985) , late F and G dwarf stars within 25 pc (Maggio et al. 1987 ) , A and early F dwarf stars (Schmitt et al. 287 1985) , all late-type giant and supergiant stars (Maggio et al. 1990) , and RS CVn binary systems (Majer et al. 1986 ) .
Studies of the coronal properties of late-type stars using RO-SAT data will undoubtedly increase our understanding of stellar coronae even further, because ROSATis an improvement over the Einstein Observatory in many respects. One improvement is that the X-ray instruments aboard ROSAT are significantly more sensitive than those aboard Einstein. Also carried on ROSAT is an EUV telescope called the Wide Field Camera (WFC), which observes a region of the electromagnetic spectrum that, to a large extent, has not previously been available for study. Finally, unlike Einstein, ROSAT conducted an allsky survey in both X-ray and EUV bandpasses. One of the problems with the Einstein stellar surveys, such as those listed above, is that they are not based on truly complete samples of stars. Since all observations made by Einstein were pointed observations, many possible sources were never observed, allowing potential biases to creep into the data samples, as discussed in detail by Bookbinder ( 1985) . Data acquired during ROSATs all-sky survey will allow studies (such as this one) to be made that are free of these biases. As an example of the incompleteness of the Einstein observations, no more than 100 of the 220 star systems within 10 pc were ever observed by Einstein. Among those stars not observed by Einstein are three of the 13 most luminous EUV sources in our survey (AT Mic, Tr 3 Ori, and EV Lac). Extreme ultraviolet luminosity functions for late-type stars within 25 pc have been presented by Hodgkin & Pye ( 1993) . The present paper presents a more detailed study of the stars located within 10 pc. In the next section, we introduce the data and our data reduction techniques. In § 3 we compute EUV luminosity functions and compare EUV and X-ray luminosities. Activity-rotation relations are the subject of § 4. In § 5, we plot EUV and X-ray luminosities and surface fluxes as a function of bolometric magnitude and stellar radius, and we discuss upper limits to coronal emission. Finally, a brief summary of our results is provided in § 6.
THE SURVEY
On 1990 July 30, began its all-sky survey, utilizing both the WFC and the Position Sensitive Proportional Counter (PSPC) on the X-ray telescope (Pounds et al. 1993) . The satellite was prevented from completing its survey when, on 1991 January 25, attitude control was temporarily lost, but about 96% of the sky had already been covered by that time. The scan path of the ROSAT telescopes was a great circle which passed through both ecliptic poles and advanced about I o each day. The orbital period of ROSAT is about 95 minutes, and the WFC's field of view is circular with a diameter of 5°. Thus, a given source was observed once every 95 minutes for a period of 80 seconds or less, until the source moved out of the scan path. Sources near the ecliptic poles remained in the scan path for the entire 6 month survey, while sources near the ecliptic plane were visible for only about 5 days. The two survey filters on the WFC, S1 and S2, were used on alternate days. These filters have overlapping bandpasses of 65-155 Á and 110-195 A, respectively. Some of the results of this survey have already been published as the WFC's Bright Source Catalogue, which includes many, but not all, of the sources found by the standard pointsource detection software (Pounds et al. 1993) . Although this catalog gives count rates for many sources within 10 pc, we decided to use WFC archival data at Rutherford Appleton Laboratory to examine the data more carefully, by looking for each star individually in an attempt to find weak sources not detected by the standard survey point-source detection algorithm. This also allowed us to measure the EUV background for each star, so that more accurate upper limits could be computed for the nondetections. For detections, the time history of the arrival of the photons was analyzed to identify flaring sources. The photometry was performed using a source circle with a radius of 5' and a background annulus around the source circle with an inner radius of 10' and an outer radius of 20'. An EUV map was made for each star to visually confirm the existence or nonexistence of a source at the appropriate coordinates. Sources with count rates under the 3 a significance level were sometimes accepted as detections or marginal detections if there appeared to be a point source present at the correct position on the map, especially if the star was detected in both filter wavebands.
The list of nondegenerate stars within 10 pc is given in Table  1 . The source for this list is a preliminary version of Ghese & Jahreiss's (1994) Third Catalogue of Nearby Stars. White dwarfs are only included in this list if they have a nondegenerate companion. Each star is designated by a Ghese (Gl) number, a number from Woolley's catalog of nearby stars (Woolley et al. 1970 ) (GJ number), or by a number designation starting with NN, indicating that that star had not yet been assigned a number in the Ghese catalog. The Simbad database was used to obtain the alternate names for the stars. Most of the spectral types listed in Table 1 were taken from the Ghese catalog, but some were changed to agree with those listed in Kirkpatrick, Henry, & McCarthy ( 1991 ) . Table 2 lists the stars that were detected through one or both WFC filters, along with their measured count rates and a 3 <r significance level for each filter derived from the measured number of background counts in the source circle. A star's detection status in each filter bandpass is shown by a two-letter detection flag. The first letter indicates whether the star was a definite detection ( Y), a marginal detection ( M ), or a nondetection ( N ) in the S1 bandpass, while the second letter similarly indicates the star's status in the S2 bandpass. The WFC effective areas degraded with time during the all-sky survey, so before converting count rates to luminosities, the measured count rates given in Table 2 were corrected using the filter decline factors also given in the table. The filter decline factors represent the effective areas of the filters at the time the star was observed relative to the original effective areas. Table 2 also indicates the stars that flared during the WFC observations. The count rates in Table 2 should represent quiescent emission, since the flare counts have been removed. Table 3 lists the stars we consider marginal detections. Marginal detections are generally cases where we see what looks like a point source in the center of the source circle for one of the WFC images (SI or S2), but the photon enhancement is not statistically significant (3 a). Some of the marginal detections, though, are cases where a statistically significant photon enhancement is seen, but it is not exactly in the right position or does not appear to be very pointlike. tections, along with the 3 a significance levels which are used here as upper limits. Seven stars are listed in Table 4 without an upper limit for one or both wavebands. These are stars that fell within the gap in the all-sky survey. Figure 1 shows a sky map of the nondegenerate stars within 10 pc in galactic coordinates, with boxes, Xs, and plus signs denoting detections, marginal detections, and nondetections, respectively. Out of a total of 220 star systems, 41 are positive detections and 14 are marginal detections. Two of the positive detections are thought to be at least partly the result of hot white dwarf companion stars (Sirius and 40 Eri). Only 22 objects in the WFC's Bright Source Catalogue lie within 10 pc (Pounds et al. 1993 ) . The full source list produced by the point-source detection algorithm increases this number to 33, but this is still 8 sources fewer than our positive detection list. A more disconcerting discrepancy with the Bright Source Catalogue is in the measured count rates. Our count rates are consistently about 25% or more below those reported in the catalog. Though the cause of this discrepancy is not firmly established, a likely explanation lies in differences in the methods of computing exposure times. Table 5 shows the spectral types of the detections and marginal detections, and also whether they are listed in Table 1 as single stars or members of multiple-star systems. In this table, stars with white dwarf companions are considered to be single stars, with the exception of Sirius and 40 Eri where the white dwarf companions are assumed to be contributing to the emission. Multiple-star systems were clearly more likely to be detected than single stars.
The method we used to convert count rates to luminosities is described in a companion paper (Wood, Brown, & Linsky 1994, hereafter Paper II) . A short description of this method follows, but the reader is referred to Paper II for the details. For our analysis, we used the coronal plasma models of Mewe and collaborators to determine emissivities as a function of wavelength and temperature (Mewe, Gronenschild, & van den Oord 1985; Mewe, Lernen, & van den Oord 1986) . To derive accurate luminosities, the temperature of the emitting material must be known. Comparing count rates through different filters allows one to determine possible temperatures, but two filters ( S1 and S2 ) are not enough to constrain the temperature very well. Therefore, count rates from the Einstein IPC, RO-STTPSPC, and EXOSATLow Energy Telescope (LET) with the 3000 Â Lexan (3-Lex) filter were used, when available, to assist in this matter. The IPC count rates were measured from images stored on compact disk and published as The Einstein Observatory Catalog of IPC X-ray Sources (1991 version ). For IPC sources observed more than once, we used an exposuretime-weighted mean of the count rates. The PSPC count rates that have been used are from stars that were targets in the ROSAT-IUE All-Sky Survey (RIASS) campaign (Ayres et al. 1994) . The 3-Lex count rates used come from papers by Pallavicini et al. (1988) and Pallavicini, Tagliaferri, & Stella ( 1990) . The count rates for all these instruments are listed in Tables 2 and 3. Table 6 lists the approximate bandwidths of all the instruments and filters for which data are listed in Tables 2  and 3. Since single-temperature plasma models have failed to explain IPC data well, we assume a two-temperature plasma, and we use a model of the local interstellar medium based on data listed by Frisch & York ( 1991 ) to correct for photon absorption along the line of sight to each star. Even with count rates through all five filters, a single, unique temperature solution cannot be derived when a two-temperature model is assumed (see Paper II), but the coronal temperatures can be constrained to a significant extent, and a set of possible two-temperature solutions can be constructed from a search through a discretized parameter space. In Paper II, we discuss what we have learned about the coronal temperatures of some of the stars in this survey using this analysis technique. In this paper, sets of possible temperature solutions constructed in this manner are used to derive luminosities and volume emission measures that should, in many cases, be more accurate than luminosities and emission measures derived without constraining the temperature at all ( see Paper II ).
Calculated luminosities and volume emission measures are listed in Table 7 . The volume emission measure is defined as EM=\ n 2 e dV ,
where n e is the electron density. Since PSPC and 3-Lex count rates are available for relatively few stars, we do not list luminosities for the PSPC and 3-Lex bandpasses. In Paper II, we note that our PSPC and IPC count rates are generally inconsistent with each other, either due to inaccuracies in the effective areas of one or both instruments or due to inaccuracies in the count rates themselves. The PSPC count rates often predict emission measures that are about twice as large as those predicted by the IPC. Since we know that our IPC count rates and luminosities agree well with previously published values (e.g., Schmitt et al. 1990 ), we have not used the PSPC count rates in deriving the luminosities and emission measures in Table 7 in cases where the IPC-PSPC discrepancy is particularly large. In other words, we have tentatively concluded that it is our PSPC data that are in error, but we have no conclusive evidence for this. The errors given for each quantity in Table 7 were calculated assuming the following uncertainties in the input quantities: 25% for the S1 and S2 count rates, 20% for the IPC, PSPC, and 3-Lex count rates, 10% for the effective areas for each filter, 10% for the emissivities determined from the plasma models, 50% for the hydrogen column density assumed for each source, and 5% for the distance to each star. As discussed in Paper II, the reason the uncertainties in the S2 luminosity are usually larger than the uncertainties in the SI luminosity is that the S2 luminosity is a much stronger function of temperature than the SI luminosity, which means that the uncertainty in the temperature creates a larger error in the S2 luminosity than in the SI luminosity. Luminosities and emission measures have also been estimated for the Sun in Table 7 . The Sun's IPC luminosity is fisted in Maggio et al. ( 1987) as 2 X 10 27 ergs s" 1 . Figure 2 shows predicted S1:S2, IPC:S1, and IPOS2 luminosity ratios as a function of temperature, based on the coronal plasma models. The solar SI and S2 luminosities are estimated from these curves for the Sun's average coronal temperature of log T = 6.3.
Even when a count rate through a filter is not known, the luminosity through that filter's bandpass can still be calculated from the set of temperature solutions and emission measures calculated using data from the other filters. These values are given in parentheses in Table 7 . Note that the errors for these numbers are generally quite high. When the error in a quantity has been calculated to be larger than the quantity, we report an upper limit for the quantity in Table 7 . The upper limit luminosities given in Table 4 have been computed from the upper limit count rates assuming a plasma temperature of log T=63 for the SI luminosity and log T = 6.1 for the S2 luminosity.
These temperatures were chosen because they produce the largest luminosities and, thus, the most conservative upper limits for these bandpasses (see Fig. 8 in Paper II). The conservative nature of these upper limits is illustrated in Figure 3 , a plot of SI and S2 luminosities versus distance. This figure shows that the upper limits are higher than many of the detected luminosities, especially for the S2 data. This figure also shows how the percentage of stars detected by the WFC decreases with dis- The hot WD companion may be contributing to the count rates. The count rates are given here, but will not be considered elsewhere in this paper. (6) The cool WD companion should have a negligible contribution to the count rates so its presence will be ignored. (7) This star was observed by the S2 filter near the gap in the all-sky survey's coverage. This means the S2 count rate has a large uncertainty associated with it due to a large gradient in the background. 
LUMINOSITY FUNCTIONS
Proper statistical techniques for dealing with censored data sets (data with upper limits) are discussed by Schmitt ( 1985) and by Feigelson & Nelson (1985) . These techniques were used to produce the luminosity functions shown in Figure 4 and the mean luminosities of these distributions listed in Table  8 . The errors in Table 8 were computed using bootstrap techniques, such as those discussed by Schmitt ( 1985) . Since stars of all spectral types can be strong coronal sources, it is impossible to know which member of any given binary system is responsible for the emission, or if both members are, since the WFC cannot resolve any of the binaries in this sample (except the Alpha Cen-Proxima Cen system). Thus, it is essential to consider single stars and binary stars separately. Figures 4# and 4è display SI and S2 luminosity functions for different stellar spectral types for single stars only. Both positive and marginal detections were used in Figure 4 . Because of the paucity of single F and G stars in this survey, the F and G stars were considered together. As indicated by Table 1 in Gliese, Jahreiss, & Upgren (1986) , the sample of stars within 10 pc suffers from incompleteness. The stars within 10 pc that have not yet been cataloged are almost certainly dim M stars. The number of single M stars within 4 pc is 12, which implies a space density of 0.048 single M stars pc -3 . This density predicts 25 single M stars within 5 pc and 201 stars within 10 pc. The actual number of single M stars within 5 pc is 25, exactly as predicted, but the number of single M stars within 10 pc is only 124, implying that about 40% of single M stars within 10 pc have not yet been cataloged. Because the sample of M stars within 10 pc is significantly incomplete, we have computed M star luminosity functions for a 5 pc sample, as well as for the full 10 pc sample. The 5 pc M star luminosity function is significantly lower than the 10 pc luminosity function. This suggests that the uncataloged stars between 5 and 10 pc have low EUV luminosities, as well as low bolometric luminosities and small proper motions, which have prevented their discovery in optical surveys.
The accuracy of all of the luminosity functions suffers from a low ratio of detections to nondetections and the fact that most of the upper limits do not constrain those stars to have very low EUV luminosities. This mostly affects the upper half of the luminosity functions. For example, the distributions in Figures Aa and Ab imply that the nearest M and FG stars to Earth (Proxima Cen and the Sun) are the dimmest EUV sources of their respective spectral types, which is unlikely. Lower luminosity stars probably exist, but are not detected in this survey and cannot be constrained to have lower luminosities than the Sun and Proxima Cen. The EUV luminosity functions in Figures Aa and Ab are similar to IPC luminosity functions (Rosner et al. 1981; Bookbinder 1985; Maggio et al. 1987) in that the width of the M star distribution is greater than the widths of the luminosity functions for the other spectral types, and the K star distribution is narrower than the other distributions. The M star EUV luminosity function does not appear as wide as the M star X-ray luminosity function, though, and in the EUV, the M stars appear to be fainter relative to the FGK stars than they are in the X-rays, perhaps implying that their coronae are hotter. These results are similar to the findings of Hodgkin & Pye (1993) .
The IPC data show that the most luminous coronal X-ray sources are the RS CVn star systems, which are close binary systems, usually consisting of at least one G or early K giant or subgiant star. The reason RS CVn systems are coronally active is that the component stars are close enough together that their orbital period is short, and in general, the stars are tidally locked. This forces both stars to have rapid rotation rates, which in turn produce stronger magnetic dynamos and more coronal activity. Thus, the activity in the coronae of these stars has been dramatically affected by the presence of the companion star. We now determine whether the binary stars in our sample are more active than the single stars, even though only one, % UMa (G1423 ), has been classified as an RS CVn system (Strassmeier et al. 1988) . In Figures 4cand 4the EUV luminosity functions of the binary stars within 10 pc are plotted {solid lines). For each WFC filter bandpass, 10 luminosities were predicted for each binary star within 10 pc, using Monte Carlo simulations and the single-star luminosity functions in Figures Aa and Ab. For example, for £ Boo (G1 566) 10 randomly generated G star luminosities were determined using the single G star luminosity function, and these were combined with 10 similarly generated K star luminosities to produce 10 predicted luminosities for £ Boo. Once this had been done for all the multiple-star systems, the predicted luminosities were pooled together, and the predicted binary luminosity functions shown in Figures 4cand Ad{dottedlines) were computed from this collection of luminosities. The 5 pc M star luminosity function was used instead of the 10 pc M star luminosity function for the creation of the predicted distributions.
The binary luminosity functions constructed in this manner should agree with the observed luminosity functions if there is no effect of binarity that is altering the coronal activity of the binary systems, and they agree surprisingly well considering the magnitude of the errors in the single-star luminosity functions. We conclude that the majority of the binary stars in our sample do not emit excess EUV radiation due to any effect of binarity. Previous work with IPC data has also shown that stars in long-period multiple-star systems do not generally have coronae that are significantly more active than single stars Bookbinder 1985; Maggio et al. 1987) . The disagreement seen in Figures 4 c and 4 d for lower luminosities is probably due to the errors in the upper half of the singlestar distributions mentioned earlier. There is some indication of an excess of coronally active binary stars with EUV luminosities above log L = 28. The stars that make up this high-luminosity tail are AT Mic ( G1799 ), £ UMa ( G1423 ), FK/ FL Aqr (G1867), Wolf 630 (G1644), £ Boo (G1566), and EQ Peg (G1 896 ). It is possible that some effect of binarity is increasing the EUV emission from these stars.
The SI, S2, and IPC luminosities are compared with each other in Figure 5 . The diamonds, triangles, boxes, and plus signs indicate M stars, K stars, FG stars, and binaries, respectively. The linear least-squares fits to the data in Figures 5¿z-5 c are log 1^2 = (0.934 ± 0.041 ) log Ls! +(1.8 ± 1.1), (2) log Ls, = (0.742 ± 0.047) log L IPC + (6.5 ± 1.3),
log L S2 = (0.646 ± 0.066) log L IPC + (9.2 ± 1.9). (4) The slopes of the last two fits are significantly smaller than unity, suggesting that the nature of the coronal emission changes with increasing coronal activity. This is investigated further in Figures 5d~5 f, in which the ratios of the luminosities are plotted as a function of luminosity. Sources with high IPC luminosities clearly tend to have high IPC:S1 and IPC:S2 luminosity ratios. An increase in the S1:S2 luminosity ratio with SI luminosity is also apparent for the M and K stars, although this correlation is not quite as obvious.
The coronal spectra of these stars apparently become harder with increasing activity, which is consistent with an increase in coronal temperature. This is no surprise, since whatever mechanism is causing the increase in the coronal emission is likely to heat the corona as well, rather than just increase the emission measure. Schmitt et al. ( 1990) also found clear evidence for an increase in temperature with IPC luminosity. However, a few stars with low IPC and WFC luminosities have high IPC:S1, IPC:S2, and S1:S2 luminosity ratios, so some inactive stars may have relatively hot coronae as well. The most luminous coronal source within 10 pc, AU Mic (G1803 ), may have a coronal temperature as high as log T = 7.5 or log T = 7.6, based on the predicted luminosity ratios in Figure 2 . In general, though, it is difficult to extract accurate temperature information from luminosity ratios, because more than one tem-WOOD ET AL.
Vol. 93 298 Fig. 1 .-Sky map of all stars within 10 pc in galactic coordinates, showing which were positively detected by the WFC, which were marginally detected, and which were not detected.
perature can produce most of the observed ratios. Also, single-temperature coronal models do not adequately fit IPC data for most strong coronal sources (Schmitt et al. 1990 ; Paper II).
ACTIVITY-ROTATION RELATIONS
In this section and the next, we need to know bolometric magnitudes and stellar radii for our sample of stars. For stars in our sample with absolute visual magnitudes fainter than 8.0, bolometric corrections were computed using the relation given by Pettersen (1983), = -0.397M K + 2.386 .
Radii for these stars were determined using the relation logiR/Rv) = 0.351 log {L/Lq) + 0.19 .
This is a close approximation to the theoretical radii derived for M dwarfs by Grossman, Hays, & Graboske ( 1974) , which Pettersen (1983) found to fit observational data quite well. For stars with visual magnitudes brighter than 8.0, bolometric corrections were estimated using the tables in Allen (1973) . Radii for these stars were determined using the Bames-Evans relation (Barnes, Evans, & Moffett 1978) and the B -V colors given in Table 1 . Rotation periods extracted from the literature are given in Table 9 . Most of these periods were determined from rotational modulation studies. The values in parentheses, however, are rotation periods that have been predicted using empirical relations between Ca il H and K line emission and rotation period. For three binary stars, a rotation period has only been found for one of the stars, but we have assumed the other star has the same period (no reference has been listed in Table 9 for these stars). The admittedly weak justification for this is that the two components of G1702, G1663, G1820, and G1 566 have been found to have similar periods of rotation. For G1423 (£ UMa), the rotation period of both stars has been assumed to be equal to the measured orbital period of this RS CVn binary system, since short-period RS CVn binaries are generally synchronous systems. Figure 6 shows the SI, S2, and IPC luminosities plotted as a function of rotational velocity, with different symbols representing different spectral types and plus signs representing upper limits. For a few of the stars which were not detected by the WFC, and are thus represented by plus signs for the SI and S2 plots in Figure 6 , we were able to obtain IPC luminosities from Bookbinder ( 1985 ) for use in the IPC plot. These stars are G1 33, G1 105, G1 879, and G1 434. For binaries, we do not know the contribution of each star to the total luminosity of the binary system, so luminosities have been divided equally between the two stars, and the binary stars are connected by dotted lines in Figure 6 . Despite the questionable assumptions that have been made in dealing with the binary stars, the binaries do not seem to deviate significantly from the single stars in the figure. The slowest rotating stars, Proxima Cen (G1 551 ) and the two members of the UV Ceti system (G1 65), are noticeably discrepant, at least in the S1 and IPC plots. The reason for the discrepancy may be associated with the very slow rotation rates, but the very late spectral types of these stars also distinguishes them from the others. When fitting linear least-squares lines to the data, we found that ignoring these stars greatly altered the computed slopes of the lines, so they have been ignored in computing the best-fit lines displayed in Figure 6 . The most luminous coronal source, AU Mic, also seems somewhat discrepant, but we found that ignoring that star did not affect our results significantly, so AU Mic was included for the fits. Since the upper limits do not seem to constrain the relation between the luminosities and the velocities very much, they have not been considered in computing the linear fits.
The equations for the best-fit lines in Figure 6 are logLs! = ( 1.56 ± 0.20) log u +(26.66 ±0.12), (7) log L S2 = (1.39 ± 0.20) log t; + (26.79 ± 0.12), (8) log L IPC = (1.91 ± 0.19) log v + (27.33 ± 0.11) . (9) The S1 and S2 lines have shallower slopes than the IPC line does. A natural explanation for this is the increase in coronal temperature with coronal activity discussed earlier. A modest increase in temperature from 1 X 10 7 K for the lower luminosity stars to 2 X 10 7 K for the higher luminosity stars would be enough to create the observed differences in the slopes.
Equation (9) 
It has been found by others, though, that the L IPC -u sin i relation flattens out for rotational velocities above 10 km s -1 (Walter 1982 (Walter , 1983 Caillault & Helfand 1985; Micela et al. 1985; Fleming, Gioia, & Maccacaro 1989; Staufler et al. 1994 ) . As further evidence for this, no relation has been found between activity and rotation rate for RS CVn systems (Majer et al. 1986 ). It has also been suggested that a color dependence exists in the activity-rotation relation for low rotation rates (Schrijver & Rutten 1987; Dobson & Radick 1989) , with earlier spectral types having a steeper slope for this relation. Although our sample is much too small to say anything conclusive about this matter, we note that our data are not inconsistent with this. The coronal emissions for the Sun and a Cen (G1 559) are too low for their rotation rates, according to the activity-rotation relations given by equations ( 7 ) - ( 9 ) References.
- (1) Strassmeier et al. 1988. gesting that the true relation for G stars may be steeper. The emissions of Proxima Cen and UV Get, on the other hand, are too high for their rotation rates, suggesting a decrease in the slope of the activity-rotation relation for M stars.
CORRELATION OF CORONAL ACTIVITY WITH BOLOMETRIC MAGNITUDE AND STELLAR RADIUS
In Figure 7 , the SI, S2, and IPC luminosities are plotted versus bolometric magnitude, and in Figure 8 they are plotted versus stellar radius. In Figure 9 a, the ratio of the IPC luminosities to the bolometric luminosities are plotted versus bolometric magnitude. The IPC luminosities have been divided by the surface areas of the stars, and these quantities have been plotted versus bolometric magnitude in Figure 9b . We will refer to this quantity (F IPC ) as a surface flux. This is a rather liberal use of the term "surface flux," though, since the solar analogy suggests that stellar coronae extend well above the stellar surfaces and that the coronae are highly nonuniform. One point represents each stellar system in Figures 7-9 . It was therefore necessary to associate a single radius with multiple-star systems. The combined surface area of the stars in each multiple-star system, A, was computed, and the radius assigned to the system is the radius, r, such that A = 4xr
2 . This radius and the bolometric magnitudes used for the multiple-star systems are dominated by the largest, brightest member of the system, but if the coronal emission is dominated by a smaller, dimmer star in the system, then the position of the point associated with that system in Figures 7-9 will be misleading.
The boxes, Xs, and plus signs in Figures 7-9 represent positive WFC detections, marginal WFC detections, and upper limits, respectively. For the IPC plots, the IPC luminosities computed in this paper have been supplemented by luminosities computed for other stars by other authors. The diamonds Fig. 3 . The observed upper limit for the SI luminosity is estimated and shown as a dashed line in the plot, {b) Same as (¿z), for S2 luminosities, (c) Same as (a), for IPC luminosities, but extra data have been included in this plot. The diamonds originate from IPC luminosities calculated by Bookbinder ( 1985 ) for K and M stars within 25 pc. The asterisks represent late F and G stars within 25 pc from a survey conducted by Maggio et al. ( 1987) . The triangles are A and early F stars from Schmitt et al. ( 1985) , the circles are giant and supergiant stars from Maggio et al. ( 1990) , and the bold circles are RS CVn systems from Majer et al. ( 1986) .
originate from IPC luminosities calculated by Bookbinder ( 1985 ) for K and M stars within 25 pc. The asterisks represent late F and G stars within 25 pc from a survey conducted by Maggio et al. ( 1987 ) . The triangles are A and early F stars from Schmitt et al. ( 1985 ) , the circles are giant and supergiant stars from Maggio et al. ( 1990) , and the bold circles are RS CVn systems from Majer et al. ( 1986 ) . The main purpose for showing this "extra" data in the IPC plots is simply to provide some perspective on how the coronal emission from nearby stars compares with coronal emission from other stars. However, since this is one of the largest compilations of IPC data ever plotted together, we will also discuss some of the interesting features of the compiled data for its own merits.
The stars within 10 pc positively detected by the WFC {boxes) seem to fall into two separate groups in Figures 7-9 (see especially Fig. 9ae ); a group with faint bolometric magnitude and a high ratio of coronal luminosity to bolometric luminosity, and a group with bright bolometric magnitude and a low ratio of coronal to bolometric luminosity. The gap between the two groups in the plots is not really empty, however, as the addition of Bookbinder's ( 1985 ) data (diamonds) shows that there are in fact data points within the gap. The gap is caused by a combination of two competing selection effects. Stars with brighter bolometric magnitudes have, on average, higher coronal luminosities, which means many of these stars within 10 pc are detected. Stars with faint bolometric magnitudes are detected because there are many of them within 10 pc, so that even though these stars on average have low coronal luminosities, a significant number within 10 pc do not and are therefore detected by the WFC. The gap between the two groups of stars exists because there are not enough stars within 10 pc with bolometric magnitudes between 6.0 and 8.0 for many of these stars to have EUV emission at levels high enough to be detected by the WFC. The ratio of the IPC luminosity to the surface area of the star, i.e., an X-ray surface flux computed using the IPC luminosity. The symbols are the same as in Fig. 7 c. The observed upper limit for the IPC surface flux is estimated for main-sequence stars. Note that the upper limit line applies to the giant and supergiant stars {circles) as well as the main-sequence stars, which is not the case in (a). The line also seems to separate the RS CVn systems {bold circles) from the rest of the stars.
Figures la-lb and 8a-8& show that, in general, there is no real correlation between EUV emission and bolometric magnitude (or radius) for stars within 10 pc. For M stars (approximately Mto! > 8.0 and R < 0.6 i£©), however, there does seem to be an upper limit to the coronal EUV and X-ray emission, which decreases rapidly with increasing magnitude and decreasing radius. There is no statistical technique for fitting boundaries to data sets, but this upper limit line has been estimated and is shown as a dashed line in Figures 7 and 8 . This effect has also been noted by previous authors (e.g., Rucinski 1984; Bookbinder 1985; Fleming et al. 1988) in their analyses of IPC data. The presence of this effect in WFC all-sky survey data is a significant confirmation of its existence, since many M stars included in this survey were not observed at all by the IPC. The upper limits in Figures la-lb and &a-8b indicate that of the large number of very small, intrinsically faint stars observed in this survey, none was found to be a very luminous EUV source (e.g., none of the 58 star systems with > 10.0 has detected a SI luminosity above log L S1 = 27.2). This suggests that the observed decrease in maximum coronal emission is not due to a selection effect. There are two possible explanations for the lack of coronal emission from stars with spectral types of M5 or later. One is that none of these stars has a rapid rotation rate. The other is that these stars are simply too small and intrinsically faint to support very active coronae, which effectively means the activity-rotation relations derived above for earlier spectral types (eqs.
[7]-[9]) do not apply to these very late type stars.
We now consider the first possible explanation-that none of the stars with spectral types of M5 or later is rotating rapidly. Stars are thought to acquire rapid rotation rates early in their history as they collapse onto the main sequence. Once on the main sequence, stars lose their angular momentum by the process of magnetic braking ( Stauffer et al. 1984 ) . Observations of Hyades cluster stars (Stauffer, Hartmann, & Latham 1987) suggest that once stars with late spectral types have had sufficient time to spin down after reaching the main sequence, they do tend to have lower rotational velocities than stars with earlier spectral types. The Alpha Cen-Proxima Cen system may be just such a case, since Proxima Cen has a much lower rotation rate than Alpha Cen does. (This argument assumes, of course, that Proxima Cen is coeval with Alpha Cen, which is still somewhat in doubt; Matthews & Gilmore 1993.) However, observations of stars in the Hyades and other clusters also suggest that the spin-down time is greater for later spectral types , which allows low-mass stars to rotate faster than higher mass stars of the same age. If this is the case, the existence of many early M stars within 10 pc that are young enough to still have relatively rapid rotation rates (e.g., AU Mic and YZ CMi) suggests that there should be many later M stars within 10 pc that have rotation rates comparable to or even higher than these stars . The only way this might not be the case is if very late type stars never acquire rapid rotation rates when they are collapsing onto the main sequence. Since there are few very late type stars with measured rotation rates and none of those rates is very large, this possibility cannot be ruled out. In many ways, though, the second explanation given above for the lack of coronal emission from small, intrinsically faint stars seems more natural. After all, if a star like Proxima Cen had a corona as luminous in high-energy emission as the corona of AU Mic, over 10% of its luminosity would appear as X-ray and EUV emission, which seems unlikely regardless of its rotational speed.
The solar coronal emission is observed to be very patchy, even during active periods. If the solar coronal activity were increased, presumably by increasing its rotation rate, more coronal loops would be created and fewer gaps in coronal emission would be seen across the solar surface. If the solar rotation rate were increased even further, the solar surface should eventually be completely covered with active regions. No more coronal loops could be created, and the coronal emission from the Sun would be at a maximum. This is the concept of coronal saturation, and just such a process could be acting to produce the observed decrease in maximum coronal luminosity with increasing magnitude and decreasing radius. Coronal saturation has often been proposed to explain the flattening of the activity-rotation relation for high rotation rates (Fleming et al. 1989; Vilhu & Walter 1987; Skumanich 1986; Vilhu 1984) . For stars near the saturation limit, the ratio of coronal to bolometric luminosity or the surface flux may be better measures of coronal activity than the coronal luminosity by itself. Thus, We now test the coronal saturation hypothesis for solar-type stars by first predicting what the IPC emission would be from the Sun if it were completely, rather than only partially, covered with X-ray-emitting coronal loops, and then comparing this prediction to the saturation level for solar-type stars indicated by Figure 9a . An arrow in Figure 9a indicates the position of a coronally saturated Sun estimated by the following calculation. Since we assume that a coronally saturated star is completely covered with coronal loops, the X-ray-emitting region can be approximated by a spherical shell of height h that surrounds the Sun, and the predicted IPC luminosity is calculated from the equation 1 n 2 e e{T).
The variable n e represents the electron density, and e( T) is the emissivity of the coronal plasma in the wavelength range of the IPC filter. This emissivity, normalized to the electron density, is approximately e{T)= 1.75 X 10~2 3 ergs cm 3 s -1 based on the plasma models we have used. Since e( T) is not a very strong function of T, our estimate should be accurate to within 50% regardless of the actual coronal temperature of a saturated Sun. From Skylab images, we estimate h to be 0.25 R ö ( Vaiana et al. 1976) , and from the coronal loop models of Pallavicini et al. ( 1981 b ) , we estimate to be 3 X 10 9 cm -3 . The IPC luminosity predicted from these quantities is L IPC = 2.1 X 10 29 ergs s _1 . The saturation value for an = 5.0 star, as determined from Figure 9a , is log {L^qIL^^) = -4.0, which corresponds to Lipc = 3.9 X 10 29 ergs s -1 . This agrees fairly well with the theoretical prediction, considering the errors involved in the calculation. This agreement is evidence that coronal saturation is the best available explanation for the upper limits for mainsequence stars seen in the figures.
For M stars, the saturation level, as estimated from Figures  7-9 , is approximately L^/L^ ~ L s2 IL hoX ~ 10~3 5 and 7-,pc/ Lbo, ~ 10 2 5 . Bookbinder ( 1985 ) reported a slight increase in Lipc/¿boi w dh increasing magnitude for his sample of K and M stars, while Fleming et al. ( 1988) found to be constant for their smaller sample of X-ray-selected M stars. More recently, in a survey using PSPC data, Fleming et al. ( 1993) have confirmed the lack of any strong correlation of LJL^ with Mb«,! for M dwarfs. From the IPC data we have compiled, we find for main-sequence stars that the saturation value for Ljpc/Lbo! increases from = 1.0 to = 8.0, but decreases slightly for less luminous stars. This slight decrease does not necessarily contradict the authors mentioned above, since the decrease is small and we are discussing saturation values while they were working with mean values.
If the ratio of coronal to bolometric luminosity is considered to be a measure of the efficiency of the magnetic dynamo within the star, then the saturation line in Figure 9a indicates that the main-sequence stars capable of having the most efficient dynamos are the early M stars {M^i ~ 8.0). Mullan ( 1984) has proposed that the peak efficiency for coronal heating in the early M dwarfs could be due to a resonance in the coupling efficiency of electrodynamic heating, but Mullan's theory predicts a much more dramatic decrease in dynamo efficiency for >8.0 than is observed. In Figure 9a , the saturation line for main-sequence stars with earlier spectral types decreases with decreasing magnitude. The decrease in efficiency with decreasing for <8.0 may be due to the shrinking size of the convection region in the stellar envelope, where the magnetic dynamo resides. It is unclear whether all main-sequence stars near this line are truly saturated or not. Our picture of a coronally saturated star is one where the star is completely covered with active regions, but some main-sequence stars with early spectral types (A-F) are relatively inactive as a group, presumably because of very shallow convection zones, and may be incapable of covering their surfaces with active regions, regardless of rotation rate. In other words, it is possible that the A and F stars near the dashed line in Figure 9a are still only partially covered by active regions. Nevertheless, we will continue to use the term "saturation line" for all such boundaries for the sake of simplicity.
The slopes of the saturation lines for M stars in Figures %a and 8/? are both 3, suggesting that L^t ) and L ( sf t} are both proportional to R 3 . The slope of the saturation line in Figure  8c , though, is 4, suggesting that L^} is proportional to R 4 . The difference, once again, can be explained by an increase in coronal temperature with coronal activity. Fleming et al. (1989) made a plot similar to Figure 8 c for their X-ray-selected IPC data set, and they plotted a saturation line as well, but the slope of their line is 2 rather than 4. The cause of the discrepancy is probably the different methods that were used in assigning radii to M stars. Fleming et al. ( 1989) used the information in Popper ( 1980) to derive stellar radii. For early M stars, radii derived using equation (6) agree fairly well with radii derived using Popper's method, but this is not the case for late-type M stars. Popper predicts radii that are much smaller than those predicted by equation (6 ) for these stars. For example, using equation (6) we calculate radii of 0.57 R^ and 0.16 Rq for AU Mic and Proxima Cen, respectively. Using the information in Popper, we derive radii of 0.53 Rq and 0.07 Rq for these two stars. There is good agreement for AU Mic, but a large discrepancy for Proxima Cen. The radius derived for Proxima Cen using Popper's data seems too low to us, as it is smaller than the radius of Jupiter (0.1 R 0 ).
If L^ were proportional to R 2 for > 8.0, that would imply that M stars at the saturation limit have similar surface fluxes. Since our IPC saturation line is proportional to R 4 ? though, our data suggest a decline in surface flux with increasing for coronally saturated M stars (see Fig. 9b ). If coronally saturated M stars all had the same surface flux, that might be interpreted as an indication that the emitting region is very close to the stellar surface for all M stars. Since coronae are expected to extend well above stellar surfaces, though, one might expect the size of the emitting region to increase at least as R 3 , which corresponds to the case where the radius of the corona is a fixed fraction of the stellar radius for all M stars. If this is the case, then one could still preserve the L^ oc R 2 relation if one assumed that the coronal density for large M stars is lower than for small M stars. If the coronal densities do not change much for different M stars, though, then our R WOOD ET AL.
Vol. 93 306 result implies that the ratio of the coronal radius to the stellar radius is larger for the early M stars.
Einstein IPC data have been included in Figures 7-9 for giant stars, supergiant stars, and RS CVn binary systems, but we have not discussed these data much, since the main aim of this paper is to present a survey of stars within 10 pc, and there are very few giant stars, supergiant stars, and RS CVn systems within this distance. Nevertheless, we now make a few brief observations about these stars. We first note that our main-sequence saturation fine in Figure 9a does not apply to the giant and supergiant stars, but the line in Figure 9b does apply. Therefore, when comparing coronal emission from stars with different luminosity classes, the surface flux may be a more appropriate quantity to use for comparison than the ratio of coronal to bolometric luminosity.
The RS CVn systems are clearly overluminous in high-energy emission for their magnitudes in all of the plots. The saturation line in Figure 9b separates the RS CVn systems from the other stars fairly well. Rapid rotation induced by tidal locking is the standard explanation for why RS CVn systems are so coronally active, but this effect and the fact that RS CVn systems by definition contain more than one star may not be enough to explain why they lie so far above the saturation limit as defined by other stars. Because of the flattening of the activity-rotation curve for high rotational velocities, most stars with these high rotational velocities have lower coronal luminosities than are predicted by activity-rotation relations, such as equations (9) and (10). The RS CVn binaries as a group, however, are actually more luminous than these relations predict, once again suggesting that another effect exists which increases the coronal activity for these stars (Pallavicini et al. 1981a ). It could be that the magnetic fields of the two stars in RS CVn systems interact in such a way that a corona is produced which fills a larger volume of space than is filled by coronae of other stars. An effect such as this may have been observed by Walter, Gibson, & Basri (1983) in their time-resolved IPC observations of AR Lac.
SUMMARY
We have used ROSA T WFC data acquired during ROSA Ts all-sky survey to conduct a volume-limited EUV survey of nondegenerate stars within 10 pc. Less than one-fourth of the stars were detected, but the number of detections was large enough that EUV luminosity functions could be constructed for stars with different spectral types. These luminosity functions are similar to X-ray luminosity functions in many respects, but the M star EUV luminosity function is not quite as broad as the M star X-ray luminosity function, and the M stars seem to be less luminous in the EUV compared to the FGK stars than is the case in the X-rays. By comparing the luminosity functions of the multiple-star systems within 10 pc to luminosity functions predicted for these multiple-star systems using the single-star luminosity functions, we find that most stars in binary systems do not emit EUV radiation at higher levels than single stars. However, a few luminous binary systems do emit at levels higher than the single-star luminosity functions predict. It is possible that some effect of binarity is resulting in high EUV luminosity for these star systems (AT Mic, £ UMa, FK/FL Aqr, Wolf 630, £ Boo, and EQ Peg). For purposes of comparison, we have computed IPC luminosities for all of our WFC detections, and we find that luminous coronal sources tend to have high ratios of X-ray emission to EUV emission, suggesting that they have hotter coronal temperatures. The most luminous coronal source within 10 pc is AU Mic, which may have a corona dominated by temperatures as high as 4 X 10 7 K. We have determined activity-rotation relations for our S1, S2, and IPC luminosities. Our IPC relation agrees well with the findings of other authors. Our SI and S2 activity-rotation relations have less steep slopes than the IPC relation, which is probably due to the increase in coronal temperature with luminosity just mentioned.
We have compared coronal luminosities, ratios of coronal to bolometric luminosity, and surface fluxes to bolometric magnitudes and stellar radii. Previous authors have found from IPC data that there are no X-ray bright stars with very late spectral types. Our WFC data provides an important confirmation of this result. We proposed two possible reasons for the nonexistence of X-ray-luminous very late type stars. The first possibility is that very late type stars are not rapid rotators, and the other is that these stars are too small and intrinsically faint to support X-ray-luminous coronae. Although we do not completely rule out the first possibility, we suggest that the second one is more likely, and the observed upper limit for M star coronal emission is interpreted as being due to coronal saturation. The IPC luminosities we have computed for the stars detected by the WFC are combined with IPC luminosities computed by other authors for a wide variety of stars, and this compilation has allowed us to discuss saturation limits for stars with earlier spectral types. We have shown quantitatively that, if the Sun were completely covered with active regions, it would indeed lie near the saturation limit for main-sequence stars indicated on our plots. Finally, we suggest that the RS CVn systems lie too far above our saturation line to be explained solely by rapid rotation induced by tidal effects. The magnetic fields of the stars in RS CVn systems may interact in some way that increases the allowable size of the coronal emitting region, thereby allowing RS CVn systems to exceed the saturation limit as defined by other stars.
